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Heavy metals contamination in coastal waters is an environmental problem that has recently received serious attention. 
The accumulation of heavy metals in aquatic organisms can cause cell damage in humans who consume them. One of the 
organisms that can absorb heavy metals is the laor or wawo worm (Polychaeta) which is often consumed by the people in 
Ambon. This research was conducted to analyze heavy metals bioaccumulation in these worms. The heavy metals (Cd, Pb, 
and Hg) content in the marine waters and wawo worms was measured using AAS (Absorption Atomic Spectrophotometer). 
The results of the present research indicate fluctuation in heavy metals distribution in the water columns and wawo worms 
which were collected from three different locations. There was a significant relationship between heavy metals content in 
the water columns and the wawo worms. The coefficient of determination (0.424) showed that 42.4 % of heavy metals 
contained in the marine worms were affected by the heavy metals content in the water meanwhile the rest (57.6 %) was 
regulated by other variables that were not included in the current investigation. 
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Introduction 
Heavy metals contamination in water ecosystems is 
a serious environmental issue1. It can be a result of 
either natural phenomena or anthropogenic activities. 
Human activities such as the increased number of 
industries are the main factor that leads to 
environmental contamination by heavy metals. 
According to Perez-Lopez et al.2, industries can 
produce 100-1000 times higher heavy metals than the 
layer of earth and when heavy metals are accumulated 
into the vital organ of the organism, it can damage the 
organ3. Most of the heavy metals will pollute and 
bring over an impact to aquatic organisms4-8 and the 
diversity of marine organisms1,9. Heavy metals can be 
accumulated in all organisms that live in  
the contaminated environment6,8,10. So, contaminated 
marine organisms can infect humans who  
consume those11. Bazzi12 showed that there is a 
correlation between heavy metals content in seawater, 
sediments, and organisms. Therefore, heavy metals 
accumulation has become a major concern in  
environmental research. 
Some heavy metals that are found in marine waters 
ecosystems include cadmium (Cd), lead (Pb), mercury 
(Hg) and nickel (Ni)13. High concentration of heavy 
metals such as cadmium (Cd), copper (Cu), lead (Pb), 
and zinc (Zn) has been found in fish, squid, and 
shellfish on the coast of Jeddah Saudi Arabia14. In 
Ambon coastal area, Hg has been accumulated in 
Apogon beauforti15,16. Yunus et al.17 explains that 
heavy metals Pb and Cu originate from anthropogenic 
activity, in another site these heavy metals were found 
to be quite high in the mangrove forests of Tanjung 
Lumpur, Malaysia. Another research by Zagoot  
et al.18 proved that fish in the coastal areas of Gaza 
contained zinc (the highest), cobalt and cadmium  
(the lowest). These heavy metals which are 
accumulated in marine organisms can be very 
dangerous for humans once they are consumed. 
The heavy metals accumulation process is affected 
by a number of factors. Metals can be absorbed by a 
living organism through the skin, or seep into it while 
it feeds on something or breathes19. In fact, the 
concentration of heavy metals contained in an 
organism’s body highly depends on its habit of 
looking for food and ways to survive20,21. The heavy 
metals accumulation process in a tissue or an organ is 
controlled by detoxification and metabolism 
mechanisms. Therefore, the concentration of the 
heavy metals varies within organisms. Chiarelli & 
Roccheri22 explains that excretion mechanism, 
accumulation route, and number of heavy metals 
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found in an environment also affect the 
bioaccumulation process. Heavy metals exist in 
waters because a food chain allows interaction 
between organic and inorganic substances23. There is 
always a chance that these heavy metals can be 
absorbed by an organism and the amount of the 
accumulated metals. It can exceed the total number of 
heavy metals that should be removed from the body 
through the excretion system. One of the marine 
organisms that are known to accumulate heavy metals 
is wawo worms (Polychaeta). 
Laor or wawo worm is an endemic biota to Maluku 
coast. During the full moon, at the night or the days 
after in March or April, wawo worms usually swarm 
around the surface of the water for doing ex-vivo 
fertilization. This phenomenon is more popular with 
the term swarming. People usually make use of this 
opportunity to catch the worms for high-nutrient diet. 
Research on wawo worms was pioneered by Horst24 
who successfully identified Lysidice oelo (Eunicidae) 
in the coastal area of Ambon. The other related 
studies have been conducted on common topics such 
as wawo worms’ spawning and habitats25, 
taxonomy26, species richness and macro-nutrition 
content27, genetic and phylogenetic28,29, identification 
and keys to the orders, also families and genera of 
these worms30,31. In contrast, there has not been a lot 
of research discussing wawo worms’ ability to 
accumulate heavy metals. The aim of this study to 
analyze the bioaccumulation of heavy metals (Cd, Pb, 
and Hg) in wawo worms collected from three 
different coastal areas on the island of Ambon. This 
research is important because the wawo worms are 
used by the community in Ambon island as food, so 
the health hazards caused by consuming wawo worms 
(that have accumulated heavy metals) could  
be avoided. 
 
Materials and Methods 
This research is an exploratory survey that aims to 
reveal the concentration of heavy metal 
bioaccumulation in seawater samples and wawo 
worms (Polychaeta) from the coastal waters of 
Ambon island. The samples were collected from three 
research sites between 03º-42 S’ and 128º-14’ E: the 
village of Alang coastal waters (Station 1), Latuhalat 
coastal waters (Station 2), and Rutong coastal waters 
(Station 3) with purposive sampling technique (Fig. 1). 
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Samples of seawater and wawo worms collected from 
each location, placed in labeled polyethylene bottle 
for analysis of metal concentrations of Cd, Pb  
and Hg32. 
Water samples (2L) were collected from surface 
water (a depth range of about 0-100 cm) using a 
Vandorn water sampler, then filtered by using filter 
paper from Whatman 7184-004 with cellulose 
membrane. The filtered water sample was stored in a 
polyethylene bottle and preserved with concentrated 
HNO3 to a pH <2. Next, a water sample (300 ml) was 
fed into the Teflon split funnel, then extracted with 
APDC/NaDDC/MIBK. After that, it was re-extracted 
with HNO3. The sample was left for 20 minutes, plus 
9.75 ml of distilled water and stirred. The extraction 
results in the water phase were taken and stored in a 
polyethylene bottle. 
The steps to determine the metal concentration in 
the wawo worm samples are described as follows. The 
wawo worm sample was cleaned with distilled water 
and then cut into small pieces and dried using a pre-
heated oven at 105 °C for 20 hours and followed by 
80 °C for 72 hours to equalize sample weight. After 
that, the sample was destroyed and weighed 500 mg. 
The sample was digested with HNO3 solution-HClO4 
and heated to a temperature of 100-200 °C until white 
steam came out, and the volume was measured. Next, 
concentrations of Cd, Pb and Hg in water samples and 
wawo worms were analyzed using AAS (Atomic 
Absorption Spectrophotometer)33 at the chemistry 
laboratory of Brawijaya University. The research data 
will be analyzed descriptively to know the 
concentration of heavy metals in seawater samples 
and wawo worms. In addition, an inferential statistic 
would be conducted to investigate the correlation 
between the concentration of heavy metals in a water 
column and wawo worms body. 
 
Results and Discussion 
Description of the Heavy Metals Concentration 
The average concentration of cadmium (Cd), lead 
(Pb), and mercury (Hg) in the coastal waters of 
Ambon Island are presented in Table 1. The results of 
the analysis on the water column and wawo worms 
collected from three research areas proved that 
cadmium concentration (Cd ) and lead (Pb) is lower 
than mercury (Hg), however in the coastal waters of 
Alang village no mercury was found in water samples 
(0.00 ppm). 
The results of heavy metals concentration in  
Table 1 showed that coastal areas of Alang contained 
the highest concentration of cadmium (0.08 ± 0.01). It 
was followed by lead with an average concentration 
of 0.03 ± 0.00. There was no sign of mercury in the 
water column. However, the highest concentration of 
mercury could be detected in wawo worms  
(7.3 ± 1.15 ppm). The worms also carried out a high 
concentration of lead (1.82 ± 0.06 ppm) and cadmium 
(1.36 ± 0.03 ppm). As described by Renieri et al.34 that 
the increasing concentrations of cadmium (Cd), lead 
(Pb) and mercury (Hg) could be due to their 
propensity to accumulate in the fish tissue. 
Additionally, Ahmed & Bat35 described that the high 
concentration of  Cd and Pb in the fish body is 
affected by the continuous exposure of the source  
of pollution. 
In Latulahat area, the highest concentration of 
mercury was reported in water column (5 ± 0.28 ppm) 
and wawo worms body (6.81 ± 4.13 ppm), 
respectively. Meanwhile, the concentration of 
cadmium in the water column (0.24 ± 0.0 ppm) was 
lower than that in wawo worms body (1.21 ± 0.02 
ppm). Lead concentration in the water column  
(0.07 ± 0.01 ppm) was lower than the concentration in 
wawo worms body (1.21 ± 0.02 ppm). 
The concentration of heavy metals in Rutong’s 
coastal waters is shown in Table 1. Mercury had the 
highest concentration among all (8.8 ± 0.57 ppm in 
water columns and 6.48 ± 1.53 ppm in wawo worms 
body), followed by cadmium (0.09 ± 0.01 ppm in 
water columns and 2.26 ± 0.01 ppm in wawo worms 
body) and lead (0.09 ± 0.01 ppm in water columns 
and 1.54 ± 0.11 ppm in wawo worms body). 
The results of this study showed that the highest 
concentration of heavy metals was found in the body 
of the wawo worms in Alang and Latuhalat coastal 
waters as compared to seawater (Table 1 & Fig. 2). 
The low concentrations of heavy metals in water 
caused by most heavy metals including Cd, Pb, and 
Table 1 — The average concentration of heavy metals in samples 
Sampling 
Location 
Heavy Metal Water Column 
(ppm) 
Wawo worms 
(ppm) 
Alang Cd 0.08 ± 0.01 1.36 ± 0.03 
 Pb 0.03 ± 0.00 1.82 ± 0.06 
 Hg 0.00 7.30 ± 1.15 
Latuhalat Cd 0.24 ± 0.01 1.21 ± 0.02 
 Pb 0.07 ± 0.01 1.62 ± 0.05 
 Hg 5.00 ± 0.28 6.81 ± 4.13 
Rutong Cd 0.09 ± 0.01 2.26 ± 0.01 
 Pb 0.09 ± 0.01 1.54 ± 0.11 
 Hg 8.80 ± 0.57 6.48 ± 1.53 
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Hg were derived from the environment. They 
generally accumulate in the wawo worm making it a 
representative to record the accumulation of heavy 
metals in marine waters. According to Rumahlatu36, 
the presence of heavy metals in the wawo worm 
comes from natural processes such as abrasion of the 
river and community activities, such as market 
disposal and household waste, as well as the activity 
of repairs and painting of vessels in the waters of 
Ambon Island then carried by the water and 
accumulated to various aquatic biotas. Furthermore, 
Nasehi et al.37 explains the high accumulation of 
heavy metals in fish because of the correlation 
between the presence of high content of bioavailable 
metals and concentration in the fish body. This 
indicates that the accumulation of heavy metal in 
wawo worm can be used as an instrument for 
monitoring the quality of marine waters. 
The results in Figure 2 indicate fluctuation in heavy 
metals concentration in samples collected from three 
different locations. This data also shows that the water 
columns and wawo worms body contain relatively 
high cadmium and mercury. Cadmium is a heavy 
metal with wide distribution. It can be found in the 
dust with an average concentration of 0.1mg/kg. The 
highest concentration of cadmium has been observed 
in rocky sediments and sea phosphate (15mg/kg). 
Cadmium has also been used in industries such as 
ones that produce batteries and dye38. Distribution of 
cadmium in sea waters might come from organic 
materials decomposition, deep-sea demineralization, 
and phytoplankton absorption39. Cadmium is known 
to be dangerous especially for organisms that 
accumulate it in their body and can harm the tissues 
by stimulating an oxidative pressure, changing the 
DNA composition and structure, and also inhibiting 
cell transport mechanisms. High accumulation of Cd 
in Diadema setosum performs a control mechanism 
by expressing MTF-1 protein40. Cadmium is also able 
to prevent heme synthesis from occurrence and 
encourage mitochondrial apoptosis41. Shaari et al.42 
explained that the various metal content in soft tissue 
can be caused by the affinities of different metals that 
bind with proteins metallothioneins. 
In another site, mercury is more perilous as it is 
frequently found in many oxidized forms such as 
inorganic or organic salt. The instances of the 
oxidized forms of mercury are Hg0, mercurous (Hg+1) 
or mercuric (Hg+2). All these mercury forms are toxic 
to many organisms. Mercury is usually found in liquid 
form (pressure = 0.00185mm at 25 oC). This metal is 
very volatile and harmful43,44. The biological, 
pharmacokinetic, and clinical properties of mercury 
are different from each other43. According to the form 
of the Hg compound, the toxicity of mercury in 
humans is categorized into inorganic and organic. An 
adult who suffers from an inorganic Hg poisoning 
will experience tremors on face muscles, fingers, and 
arms. If these symptoms continue in metabolism, the 
adult will feel his tongue trembling. It will be difficult 
 
 
Fig. 2 — Heavy metal concentration in water columns and wawo worms body 
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for him to speak and walk due to a loss of balance. 
Organic Hg also can cause deadly toxicity. The 
methyl mercury on Minamata disease that afflicted 
both adults and children in Japan is an example of a 
disaster caused by mercury toxicity. The central 
nervous system is the target of methyl mercury 
toxicity. Mercury can also cause paresthesia, 
decreased sensitivity, stiff fingers and toes, limited 
sight, decreased hearing power, and pain in the arms 
and thighs. The patients can also experience motor 
neurological disorders which result in difficulties to 
stand up and speak ataxia, tremor, and slow motion. 
Other related symptoms are mental disorders, terrible 
headaches, and hypersalivation45. 
The results of the analysis also showed the 
concentration of lead (Pb) in the water columns and 
wawo worms. Despite its natural formation, lead 
distribution in sea waters is mostly affected by 
anthropogenic factors. Various industrial activities 
such as the use of high temperatures in goods 
production are the source of lead contamination, not 
to mention, the use of fossil fuels, radioactive, and 
gas. Usually, the concentration of lead in the open 
waters is much lower and less dangerous for humans; 
however, it still indicates that humans are the 
culprit46. Lead is a poisonous heavy metal. It can 
damage the humans nervous system, affect the 
hematopoiesis process in a human’s body, and destroy 
the kidney slowly, corrupt humans reproductive and 
central nervous system47,48. These heavy metals are 
also known as one of the sources of oxidative pressure 
which can bring an impact on the human’s 
physiological system. 
Based on the results of the analysis, it is also 
obvious that mercury has contaminated the wawo 
worms body. The concentration of this heavy metal 
inside the marine animal has surpassed the maximum 
mercury threshold in foods (1 mg/kg)49. Therefore, it 
can be concluded that wawo worms collected from 
three research sites are not allowed for human’s 
regular consumption. Menon & Mahajan50 reports that 
aquatic organisms such as fish that have accumulated 
Hg, although have low to moderate risks are not 
feasible for consumption. 
 
The Correlation of Heavy Metals Concentration in 
a Water Column and Wawo Worms Body 
The results of an analysis of the correlation of 
heavy metals concentration in a water column and 
wawo worm’s body are summarized in Table 2. The 
table shows that, with a significance level of 0.005 < α, 
the correlation between those two variables is positive 
and significant (0.651). The coefficient of 
determination (0.424) also indicates that 42.4 % of 
heavy metals concentration in wawo worm’s body is 
determined by the concentration of heavy metals in 
the water column where the worms dwell. The 
regression formula which can be generated from the 
constant (2.505) and the coefficient of water column 
regression coefficient [(X = 0.651) is Y = 2.505 + 
0,651(X)]. If the independent variable remains 
unchanged, the average heavy metals concentration 
will equal 2.505. If the concentration of heavy metals 
in a water column changes by one unit, the 
concentration of heavy metals in wawo worms will 
increase by 0.651. In other words, the increased 
concentration of heavy metals in a water column 
results in inflating the concentration of heavy metals 
in wawo worms body. 
Trends in the current research are similar with 
Mwashote51 and Tirkey52 who discovered that the 
concentration of cadmium (Cd) and lead (Pb) is 
generally lower in water columns than in sediments or 
an organism body. Joksimović & Stanković53 
suggested that heavy metals concentration in sea 
waters has a positive correlation with heavy metals 
concentration in an organism’s body. Therefore, it can 
be concluded that heavy metals found in the wawo 
worms body could possibly come from the seawater. 
Due to direct contact made by marine animals with 
the seawater, bioaccumulation of heavy metals is 
frequently used as an instrument to monitor the 
quality of the aquatic environment. Heavy metals 
found in an organism’s body tissue are an indication 
of a contaminated environment54. Heavy metals that 
exist in nature are mostly particulate or soluble55. 
Unstable heavy metals in particular are the most toxic.  
 
Conclusion 
The results of the data analysis have shown that the 
concentration of heavy metals examined (Cd, Pb, and 
Hg) in water columns and wawo worm bodies 
fluctuate from one place to another. The results of the 
correlation analysis also indicate a significant 
relationship between the two variables (heavy metals 
concentration in water columns and wawo worms 
Table 2 — The results of the correlation analysis in brief 
R R 
Square 
Change Statistics 
R Square 
Change 
F 
Change 
df1 df2 Sig. F 
Change 
.651a .424 .424 5.159 1 7 .005 
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body). The calculated determination coefficient 
(0.424) even suggests that 42.4 % of heavy metals 
found in a wawo worms originates from the water 
columns while the rest (57.6 %) is determined by 
other variables which were not studied in this 
research. Future researchers, thus, have an 
opportunity to investigate the concentration of heavy 
metals in sediments as well as the effects of physical 
and chemical factors on wawo worms’ ability in 
absorbing heavy metals and the rate of the heavy 
metals absorption. The results of this study indicate 
that the accumulation of heavy metals in the wawo 
worm can be used as an instrument to monitor 
seawater quality. 
 
Acknowledgement 
The authors would like to thank the Head of 
Chemical Laboratory, Brawijaya University, Indonesia 
which has allowed researchers to analyze the heavy 
metal content of Cd, Pb, and Hg on samples of wawo 
worms and waters. 
 
References 
1 Farombi, E. O., Adelowo, O. A., & Ajimoko, Y. R., 
Biomarkers of oxidative stress and heavy metal levels as 
indicator of environmental pollution in African Catfish 
(Clarias gariepinus) from Nigeria Ogun River, Int. J. 
Environ. Res. Public Health., 4 (2007) 158-165. 
2 Perez-Lopez, M., Alonso, J., Novoa-Valinas, M. C., & 
Melgar, M. J., Assessment of heavy metal contamination of 
seawater and marine limpet, Patella vulgata L., from 
Northwest Spain, J. Environ. Sci. Health A Tox Hazard Subst 
Environ Eng., A38(12) (2003) 2845-2856. 
3 Bhuyan, Md. S., & Islam, Md. S., A Critical Review of 
Heavy Metal Pollution and Its Effects in Bangladesh, Enviro. 
Energ. Econ., 2(1) (2017) 12-25. 
4 Ayangbenro, A. S., & Babalola, O. O., A New Strategy for 
Heavy Metal Polluted Environments: A Review of Microbial 
Biosorbents, Int. J. Environ. Res. Public Health., 14(94) 
(2017) 1-16. 
5 Rashed, M. N., Monitoring of environmental heavy metals in 
fish from Nasser lake. Environ. Int., 27 (2001) 27-33. 
6 Shinn, C.,  Dauba, F., Grenouillet, G., & Lek, S., Temporal 
variation of heavy metal contamination in fish of the river lot 
in southern France, Ecotoxicology Environ Saf,. 72 (2009) 
1957-1965. 
7 Canli, M., & Atli, G., The relationships between heavy metal 
(Cd, Cr, Cu, Fe, Pb, Zn) levels and the size of six 
Mediterranean fish species, Environ. Pollut,. 121 (2003) 129-136. 
8 Dixit, R., Malaviya, D., Pandiyan, K., Singh, U. B., Sahu, A., 
Shukla, R., Singh, B. P., Rai, J. P., Sharma, P. K., & Lade, H., 
Bioremediation of heavy metals from soil and aquatic 
environment: An overview of principles and criteria of 
fundamental processes, Sustainability., 7 (2015) 2189-2212. 
9 Bhuyan, Md. S., & Islam, Md. S., A Critical Review of 
Heavy Metal Pollution and Its Effects in Bangladesh, Enviro. 
Energ. Econ., 2(1) (2017) 12-25. 
10 Rouzbahani, M. M., Bioaccumulation of heavy metals(Ni, V, 
Cu, Pb) in various tissues of Metapenaeus affinis in the 
Northwest of Persian Gulf. Iranian, J. Aqua. Anim. Health, 
3(1) (2017) 101-113. 
11 Robin, R. S., Mudulli, P. R., Vardhan, V. K., Ganguly, D., 
Abhilassh, K. R., & Balasubramanian, T., Heavy metal 
contamination and risk assessment in the marine 
environment of Arabian sea, along the southwest coast of 
India, Amr. J. Chem., 2(4) (2012) 191-208. 
12 Bazzi, A. O., Heavy metals in seawater, sediments and 
marine organisms in the Gulf of Chabahar, Oman Sea, J. 
Oceanogr. Mar. Sci., 5(3) (2014) 20-29. 
13 Yao, X. F., Zhang, J. M., Tianc, L., & Guo, J.H., The effect 
of heavy metal contamination on the bacterial community 
structure at Jiaozhou Bay, China, Braz. J. Microbiol., 48 
(2017) 71-78. 
14 Younis, A. M., Amin, H. F., Alkaladi, A., & Mosleh, Y. Y. I., 
Bioaccumulation of heavy metals in fish, squids and 
crustaceans from the Red Sea, Jeddah Coast, Saudi Arabia, 
Open J. Mar. Sci., 5 (2015) 369-378. 
15 Rumahlatu, D.,  & Leiwakabessy, F., The use of molecular 
markers metalothionein protein for monitoring marine 
pollution due to heavy metals mercury in Apogon beauforti 
in Ambon Bay, Waste Tech., 4(2) (2016) 9-14. 
16 Rumahlatu, D., & Huliselan, E. K., Monitoring mercury (Hg) 
pollution at ambon bay: the use of Apogon beauforti as 
bioindicator, Indonesian J. Mar. Sci., 21(3) (2016) 117-122. 
17 Yunus, K., Yusuf, M. N., Shazili, N. A. M. S., Chuan, O. 
M., Saad, S., Chowdhury, A. J. K., &  Bidai, J.,  Heavy metal 
concentration in the surface sediment of Tanjung Lumpur 
Mangrove Forest, Kuantan, Malaysia, Sains Malaysiana., 
40(2) (2011) 89-92. 
18 Zaqoot, H. A., Aish, A. M., & Wafi, H. N., Baseline 
concentration of heavy metals in fish collected from gaza 
fishing harbor in the Mediterranean Sea along Gaza Coast, 
Palestine, Turk. J. Fish.& Aquat. Sci., 17 (2017) 101-109. 
19 Jakimska, A., Konieczka, P., Skóra, K., & Namieśnik, J., 
Bioaccumulation of metals in tissues of marine animals, Part 
II: metal concentrations in animal tissues, Pol. J. Environ. 
Stud., 20(5) (2011) 1127-1146. 
20 Alam, L., Mohamed, C. A. R., & Mokhtar, M. B., 
Accumulation pattern of heavy metals in marine organisms 
collected from a coal burning power plant area of Malacca 
Strait, Sci. Asia., 38 (2012) 331-339. 
21 Rumahlatu, D., Feeding activity and growth of sea urchins 
Diadema setosum due to heavy metal cadmium exposure, 
Indonesia J. Mar. Sci., 17 (2012) 183-188. 
22 Chiarelli, R., & Roccheri, M. C., Marine invertebrates as 
bioindicators of heavy metal pollution, Open J. Met.,  
4 (2014) 93-106. 
23 Baharoma, Z. S., & Ishak, M. Y., Determination of heavy 
metal accumulation in fish species in Galas River, Kelantan 
and Beranang mining pool, Selangor, Procedia Environ. Sci., 
30 (2015) 320-325. 
24 Horst, R., Wawo and Palolo Worms, Nature., 69(1799) 
(1904) 582-582.  
25 Caspers, H., Spawning periodicity and habitat of the palolo 
worm Eunice viridis (Polychaeta: Eunicidae) in the Samoan 
Islands, Mar. Biol., 79(3) (1984) 229-236. 
26 Pamungkas, J., & Glasby, C. J., Taxonomy of reproductive 
Nereididae (Annelida) in multispecies swarms at Ambon 
Island, Indonesia, Zookeys., 520 (2005) 1-25. 
LILINE & RUMAHLATU: BIOACCUMULATION OF HEAVY METALS IN POLYCHAETA 
 
 
1887
27 Pamungkas, J., 2015. Species richness and macronutrient 
content of wawo worms (Polychaeta, Annelida) from 
Ambonese waters, Maluku, Indonesia, Biodivers. Data J.,  
3 (2015) e4251. 
28 Liline, S., Amin, M., Lestari, U., & Corebima, A. D., The 
identification of laor worms (Polychaeta) in marine areas of 
ambon island, Mollucas Province, Indonesia based on 16s 
rRNA gene sequence, Int. J. ChemTech Res., 9(06) (2016) 
307-315. 
29 Schulze, A., Six genetically distinct clades of Palola 
(Eunicidae, Annelida) from Lizard Island, Great Barrier 
Reef, Australia, Zootaxa., 4019(1) (2015) 695-706. 
30 Liline, S., & Corebima, A. D., Identification of laor worms 
(Polychaeta) from the Sea Region of Haria Village of Central 
Maluku, Indonesia, Human Journals., 7(1) (2017) 24-40. 
31 Fauchald, K., The Polychaete worms definitions and keys to 
the orders, families and genera. Natural history museum of 
losangeles county in conjunction with the allan hancock 
foundation University of Southern California, Science 
Series., 28 (1977). 
32 Bahnasawy,  M., Khidr,  A. A., & Dheina, N., Assessment of 
heavy metals concentrations in water, plankton and fish of Lake 
Manzala, Egypt, Turkish J. Zoology., 35(2) (2010) 271-280.  
33 Bielmyer, G. K., Brix, K. V., Capo, T. R., & Grosell, M., 
The effects of metals on embryo-larval and adult life stages 
of the sea urchin, Diadema antillarum, Aquat. Toxicol., 74 
(2005) 254-26. 
34 Renieri, E. A., Alegakis, A. K., Kiriakakis, M., Vinceti, M., 
Ozcagli, E., Wilks, M. F., & Tsatsakis, A. M., Cd, Pb and Hg 
biomonitoring in fish of the Mediterranean Region and risk 
estimations on fish consumption, Toxics., 2 (2014) 417-442. 
35 Ahmed, Q., & Bat, L., Levels and health risk assessments of 
Cd and Pb in Pomadasys maculatus marketed by Karachi 
Fish Harbor, Pakistan, Indonesian J. Mar. Sci., 21(2) (2016) 
53-58. 
36 Rumahlatu, D., Konsentrasi logam berat kadmium pada air, 
sedimen dan Diadema setosum (Echinodermata, Echinoidea) 
di perairan pulau Ambon [Concentration of Heavy Metal 
Cadmium in waters, sediment and Diadema setosum 
(Echinodermata, Echinoidea) in Ambon island coast waters], 
Indonesian J. Mar. Sci., 16(2) (2011) 78-85. [in Indonesian]. 
37 Nasehi, F., Monavari, M., Naderi, Gh., Vaezi, M. A., & 
Madani, F., Investigation of heavy metals accumulation in 
the sediment and body of carp fish in Aras River, Iranian J. 
Fish. Sci., 2(2) (2013) 398-410. 
38 Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., & Sutton, 
D. J., Heavy metals toxicity and the environment, EXS., 101 
(2012) 133-164. 
39 Bruland, K. W., Oceanographic distribution of cadmium, 
zinc, nickel and copper in the North Pacific, Earth Planet. 
Sci. Lett., 47 (1980) 176-198. 
40 Rumahlatu, D., Cadmium induces the activation and 
expression of MTF-1 protein as a biomolecular response of 
sea urchins Diadema setosum (Leske, 1778) at Ambon Bay, 
Maluku Province, Omni-Akuatika., 13(2) (2017) 155-162. 
41 Bernhoft, R. A., Cadmium toxicity and treatment, The 
Scientific World Journal, Article ID 394652 (2013) 1-7. 
42 Shaari, H., Raven, B., Sultan, K., Mohammad, Y., &  
Yunus, K., Status of Heavy Metals Concentrations in Oysters 
(Crassostrea sp.) from Setiu Wetlands, Terengganu, 
Malaysia, Sains Malaysiana., 45(3) (2016) 417-424. 
43 Bernhoft, R. A., Mercury toxicity and treatment: A review of 
the literature, J. Environ. Public Health., Article ID 460508 
(2012) 1-10. 
44 Rice, K. M., Walker Jr, E. M., Wu, M., Gillette, C., & 
Blough, E. R., Environmental mercury and its toxic effects, 
J. Prev. Med. Public Health., 47 (2014)74-83. 
45 Clarkson, T. W., Magos,  L., & Myers, G. J., The toxicology 
of mercury-current exposures and clinical manifestations, N. 
Engl. J. Med., 349(18) (2003) 1731-1737. 
46 Echegoyen, Y., Boyle, E. A., Jong-Mi, L., Gamo, T.,  
Obata, H., & Norisuye, K., Recent distribution of lead in the 
Indian Ocean reflects the impact of regional emissions, 
PNAS 111(43) (2014) 15328-15331. 
47 Flora, G., Gupta, D., & Tiwari, A., Toxicity of lead: A 
review with recent updates, Interdiscip. Toxicol., 5(2) (2012) 
47-58. 
48 Mason, L. H., Harp, J. P., & Han, D. Y., Pb neurotoxicity: 
neuropsychological effects of lead toxicity, Biomed. Res. Int., 
Article ID 840547 (2014) 1-8. 
49 Food and Drug Supervisory Agency of the Republic of 
Indonesia., [Badan Pengawas Obat dan Makanan Republik 
Indonesia. 2016]. Food and Drug Supervisory Agency of the 
Republic of Indonesia. Regulation of the Head of the Food 
and Drug Supervisory Agency of the Republic of Indonesia 
Number 8 Year 2016 Concerning the Requirements of Food 
Additives of Mixed Additions. [Peraturan Kepala Badan 
Pengawas Obat dan Makanan Republik Indonesia Nomor 8 
Tahun 2016 Tentang Persyaratan BahanTambahan Pangan 
Campuran], 2016, [In Indonesian]. 
50 Menon, J. S., & Mahajan, S. V., 2013. Mercury accumulation 
in different tissues in fish from Ulhas River Estuary and 
Thane Creek and the pattern of fish consumption among fish-
eaters, Indian J. Mar. Sci., 42(6) (2013) 812-816. 
51 Mwashote, B. M., Levels of cadmium and lead in water, 
sediments and selected fish species in Mombasa, Kenya, 
Western Indian Ocean J. Mar. Sci., 2(1) (2003) 25-34. 
52 Tirkey, A., Shrivastava, P., & Saxena, A., Bioaccumulation 
of heavy metals in different components of two lakes 
ecosystem, Curr. World Environ., 7(2) (2012) 293-297.  
53 Joksimović, D., & Stanković, S., Accumulation of trace 
metals in marine organisms of thesoutheastern Adriatic coast, 
Montenegro, J. Serb. Chem. Soc., 77(1) (2012) 105-117. 
54 Yousafzai, A. M., Ullah, F., Bari, F., Raziq, S., Riaz, M., 
Khan, K., Nishan, U., Sthanadar ,I. A., Shaheen, B., 
Shaheen, M., & Ahmad, H., Bioaccumulation of some heavy 
metals: analysis and comparison of Cyprinuscarpio and 
Labeorohita from Sardaryab, Khyber Pakhtunkhwa, BioMed. 
Res. Int., Article ID 5801432 (2017) 1-5. 
55 Akan, J. C., Mohmoud, S., Yikala, B. S., & Ogugbuaja,  
V. O., Bioaccumulation of some heavy metals in fish 
samples from River Benue in Vinikilang, Adamawa State, 
Nigeria, Am. J. Anal. Chem., 3 (2012) 727-736. 
 
